ABSTRACT
INTRODUCTION
A good histopathological technique aims to produce microscopic preparations of the tissues that are identical Original research 1 Postgraduate Student, 2 Professor and Head, 3 Associate Professor 
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to their original configuration. Preservation of the tissues can be attained with a wide variety of fixatives, by which the constituents of the cells and tissues are fixed in their physical and chemical life-like state. However, in practical application, an ideal fixative is challenging to formulate and each fixative has its own merits and shortcomings. 1 In diagnostic pathology, 10% neutral buffered formalin (NBF) has been given an extra edge as a fixative, but is equally hazardous to the health of living beings, as discussed extensively in our previous study. Briefly, it is a proven group 1 carcinogen, as stated by the International Agency for Research on Cancer (IARC) and does not assure a complete antigen, deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) recovery, essential to many modern investigations of molecular biology. 2, 3 Concerning the last disadvantage stated, the present study evaluated the compatibility of natural fixatives in relation to retrieval of the tissue antigens. Immunohistochemical (IHC) technique aids in identifying the cellular antigens by means of specific antigen-antibody interactions, which can be visualized through light microscopy. 1, 4 The fixative potential of the natural sweeteners, jaggery and honey, along with their compatibility with the routine and special staining procedures, has been previously demonstrated. 5, 6 In the present study, further evaluation of the compatibility and efficacy of the natural tissue fixatives with the IHC procedures was accomplished.
MATERIALS AND METHODS

Sample Size and Procedure
Thirty samples of commercially available fresh goat oral mucosa was procured and sectioned into three bits of equal size (0.5 × 0.5 × 0.5 cm). The sectioned tissues were immediately placed in three different containers with fresh solutions of 10% NBF (positive control), 20% honey, and 30% jaggery solutions. Commercially available honey (Dabur India Ltd.) and jaggery (local sugarcane source, Bengaluru, India) were used to prepare the solutions. Dilutions were prepared with distilled water. Prior to fixation, the pH of the solutions was noted to be 5.5 for 30% jaggery, 4.5 for 20% honey, and 7.2 for 10% NBF. After 24 hours of fixation, tissues were subjected to routine tissue processing wherein the duration of wax impregnation was increased (2.5 hours for each change of wax), following which 4 µm sections were obtained and were subjected to hematoxylin and eosin stain for assessing the tissue histomorphology, prior to subjecting the samples (15 sections each) to IHC markers, pan-cytokeratin and desmin.
Immunohistochemical Staining
For IHC staining, 4-µm-thick sections were made and mounted on silane-coated glass slides. The tissue sections were de-paraffinized and rehydrated in graded ethanol solutions. Antigen was retrieved with Trisethylenediaminetetraacetic acid buffer solution (pH 8.0) via microwave technique for 25 minutes, followed by a peroxidase block applied for 10 to 15 minutes and incubated with the primary antibodies pan-cytokeratin and desmin (Biogenex, India) for an hour. Then the super enhancer and polymer horseradish peroxidase (polymeric peroxidase-conjugated anti-mouse/rat/ rabbit immunoglobulin G secondary antibody) were applied and the reactions were developed with DAB (3,3′-diaminobenzidine) chromogen. Finally, the sections were counterstained with Harris hematoxylin. Positive control employed for pan-cytokeratin was breast carcinoma and for desmin was cardiac muscle tissue. Only the cytoplasmic staining was considered as positive. Subsequently, the slides were coded and were subjected to blinded evaluation using the optical microscope under 10 × magnification. The staining intensity was graded as; 0 -negative, 1 -weakly positive, 2 -moderately positive, and 3 -strongly positive.
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Statistical Analysis
The results were tabulated and subjected to statistical analysis using Kruskal-Wallis analysis of variance, MannWhitney U test, chi-square test, and Kappa statistics via Statistical Package for the Social Sciences (SPSS) 10.5 software. A p-value of < 0.001 was considered significant.
RESULTS
The pictomicrographic demonstrations of the IHC stains are represented in Figure 1 .
Pan-cytokeratin marker:
The staining of jaggery-fixed tissues (JFT) (2.67 ± 0.488) was observed to be more intense than honey-fixed tissues (HFTs) (1.60 ± 0.507) and formalin-fixed tissues (FFTs) (2.13 ± 0.352). This difference in intensity was statistically significant between honey and jaggery (p < 0.001).
Desmin marker: The JFT (2.33 ± 0.617) and FFT (2.40 ± 0.632) showed comparable results with no statistically significant difference in the staining intensity (p = 0.745). However, the intensity of HFT (0.73 ± 0.594) was significantly inferior to that of JFT and FFT (p < 0.001).
The kappa statistics showed moderate to substantial agreement among the examiners. The comparison of the IHC staining procedures among the three fixatives is depicted in Graph 1.
DISCUSSION
Tissue fixation is the prime step in histopathological diagnosis. The outcomes of the various IHC procedures are fairly liable to the type of fixative treatment. The fixative modifies the physicochemical state of the tissue, thereby altering the reactivity of the cellular constitutions toward the stains. 8 Thus, the present study investigated the efficacy of the natural fixatives in preservation of the epithelial and connective tissue antigenic components using the IHC markers. 
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The fixative 10% NBF falls under the category of aldehyde group. The commercially available unbuffered formalin has a pH of 4.0 (approx.). To prepare 10% NBF with the above solution, sodium phosphate mono-and dibasic dehydrate is added. It raises the pH to 7.2 to 7.4 range. Also, it prevents the formation of formalin pigments. 9 As mentioned previously, one of the drawbacks of 10% NBF is incomplete antigen, DNA and RNA recovery. This can be explained by the (1) mechanism of fixation and (2) pH of the formalin. (1) The initial reversible cross-links are formed within 24 to 48 hours, whereas more number of stable, irreversible, covalent bonds are formed in about 30 days. Hence, technically, in fresh FFTs the antigen retrieval is more productive, rather than from the archival tissues. 9 (2) With respect to pH of formalin and antigen retrieval, it is postulated that most of the tissue fixation occurs in a pH range of 4.0 to 5.5 pH. Further increase in pH above 5.5 does not aid in stabilization of the tissue. Correspondingly, with increase in pH, more number of reactive groups are bound by formaldehyde and as a result yields in reduced antigenicity of the tissues. 8 Honey is known for its remarkable medicinal properties and as the first natural sweetener to the people of various cultures around the world. 10 It is a golden yellow-amber-colored viscous fluid made by honey bees from floral sources. 10, 11 Jaggery is a natural sweetener obtained from sugarcane juice or the sap collected from some palm trees. It is stated to have antitoxic and anticarcinogenic properties. Its structure is far complex than that of the common sugar, as it is made up of longer chains of sucrose.
12,13
The previous study by Patil et al 5 piloted for the first time in literature the use of jaggery as a successful tissue fixative. Later in 2015, they verified that it can be used for long-term tissue preservation as well. 6 The present study further investigated the compatibility of JFTs with IHC procedures. The composition and function of each component of jaggery and floral honey are depicted in Tables 1 and 2 respectively.
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The mechanism of fixation by jaggery and honey is proposed in Flow Chart 1. evaluated IHC staining properties of HFT, which was found to be comparable to that of FFT. In the present study, epithelial marker pan-cytokeratin showed comparable results to that of FFT; however, staining with desmin was found to be inferior to both JFT and FFT. To best of our knowledge, this is the first study that has evaluated the potential of JFT for IHC staining. The results showed superior staining of the epithelial and muscle markers in the JFT when compared with the HFT. Further, the staining quality was slightly higher for the epithelial marker when compared to that of FFT.
One of the significant findings of the present study was the superior staining quality of the epithelial component, that is, cytokeratins in JFT when compared with formalin. Hence, 30% jaggery solution can be particularly used in suspected cases of epithelial pathology. Likewise, concerning desmin staining, the results were statistically insignificant between JFT and FFT. These findings can possibly be explained based on the extent of antigen retrieval. The antigen retrieval method employed in the present study was heat mediated in an alkaline medium. It is postulated that heat-mediated antigen retrieval removes the weaker Schiff bases (main mechanism of natural fixative) but does not affect the methylene bridges (main mechanism of formalin fixation). 1 Further, the superior staining quality of the JFT to that of HFT can possibly be explained based on the amount of production of HMF. The composition of jaggery shows that it has a higher protein content (0.4% average) and an almost equal amount of reducing sugars (20% average) when compared to honey, hence more substrate is available for the Maillards reaction in the jaggery solution.
One of the drawbacks with the natural fixative solutions is that they undergo fermentation and crystallization owing to their high sugar content. Hence, they should be stored in a cool, dry place and diluted solutions should be freshly prepared as and when required.
CONCLUSION
To conclude, the present study offers an innovative proposal of using natural sweeteners, especially our traditional Indian sweetener jaggery, as a milestone in the quest for formalin substitute. The results are promising and invoke extensive research in the future.
Flow Chart 1:
The known mechanism of formaldehyde and the proposed mechanism of action of the natural fixatives
